SUMMARY
In 2008, following the recommendations received by the EFSA Scientific Committee, EFSA created the EFSA Concise European Food Consumption Database (hereafter called Concise Database). The Concise Database is the first database in Europe containing information from individual dietary surveys from the majority of EU Member States (19 countries). However, the Concise Database intended to provide consumption data only on a limited number of broad food categories. Hence, its use was limited to preliminary exposure assessments. More detailed information on food consumption in Europe is required to undertake more accurate exposure assessments, which are an integral part of the risk assessment process carried out at EFSA. In collaboration with the EU Member States, EFSA thus decided to develop a more detailed food consumption database called the EFSA Comprehensive European Food Consumption Database (hereafter called Comprehensive Database).
The Comprehensive Database has been built on existing information on food consumption at a detailed level. By the end of 2008, competent organisations in EU Member States were approached to provide EFSA with data from the most recent national dietary survey in their country, including at least the adult population, at the level of consumption by the individual consumer. In addition, food consumption data for children, obtained through the EFSA Article 36 project "Individual food consumption data and exposure assessment studies for children" (acronym EXPOCHI), have been included in the Comprehensive Database. This now contains consumption data concerning infants (2 surveys from 2 Member States), toddlers (8 surveys from 8 Member States), children (16 surveys from 14 Member States), adolescents (14 surveys from 12 Member States), adults (21 surveys from 20 Member States), elderly (9 surveys from 9 Member States) and very elderly (8 surveys from 8 Member States) for a total of 32 different dietary surveys carried out in 22 different Member States.
The aim of the present document is to give an overview of the Comprehensive Database and to provide guidance on its use for dietary exposure assessments. Information concerning the methodologies used in each of the 32 dietary surveys included in the Comprehensive Database is presented. Methodological differences between the national dietary surveys related to the level of detail requested concerning the description of food and beverages, and consequently to their classification, have been identified. The preliminary version of the hierarchical food classification system 'FoodEx', developed by EFSA, was used to codify all foods and beverages present in the Comprehensive Database. FoodEx is a hierarchical system based on 20 main food categories that are further divided into subgroups up to a maximum of 4 levels. It was demonstrated that all data providers were able to classify correctly the large majority of their food to at least the 2 nd level of the FoodEx.
Summary statistics are available on the EFSA website. For each country, food consumption data are presented according to the 1 st (including 20 categories) and 2 nd (including around 160 categories) level of the preliminary FoodEx system; per age class (Infants, Toddlers, Other children, Adolescents, Adults, Elderly and Very elderly); and for the total population and for consumers only. The summary statistics include the total number of individuals and, for each of the first two FoodEx levels, age classes, number of consumers, the mean, median and the standard deviation, as well as low and high percentiles. Food consumption statistics are reported both in grams/day and in grams/kg body weight per day, for both chronic and acute consumption. Summary statistics from the Comprehensive Database can be used as a quick screening tool to assess chronic and acute exposure to hazardous substances. A method for this purpose is presented and discussed.
An agreement between EFSA and the national data providers clearly defines the conditions of use of the Comprehensive Database. EFSA has the right to use the raw individual food consumption data for carrying out risk assessments and other scientific analyses within the activities related to EFSA's mandate and a formal authorisation from the data provider must be requested for any other use of the data. Currently, the EFSA Comprehensive Database is the best available source of food consumption information providing data on a EU-wide basis and will be very useful in the risk assessment work conducted by EFSA.
The use of these data for direct country-to-country comparisons is not advisable because the database comprises data collected using different methodologies. The collection of accurate and detailed food consumption data derived from a harmonised methodology across Europe is therefore still a primary long term objective for EFSA and has been recognised as a top priority for collaboration with the EU Member States. Therefore, a project proposal, called "What's on the Menu in Europe? (EU MENU)", has been developed by EFSA for the establishment of an EU-wide standardised food consumption data collection system. 
Food classification system 141
In 2009, existing food classification systems were evaluated and considered not fully compatible with 142 all exposure assessment needs within EFSA's remit. Therefore, it was decided to develop a 143 preliminary food classification system (here referred to as FoodEx) that could better address the 144 current needs. The main objective of FoodEx was to facilitate the assessment of dietary exposure to 145 potentially hazardous chemicals by allowing accurate matching of the datasets on chemical occurrence 146 and food consumption. FoodEx is a hierarchical system based on 20 main food categories that are 147 further divided into subgroups up to a maximum of 4 levels. It does not currently use a catalogue of 148
properties (facets) to describe food and beverages. In total, FoodEx comprises 1,893 different end-149 points (food names). Most food names are generic to allow the user to classify several similar foods 150 under one name. 151
Within the project developing the adult component of the Comprehensive Database, data providers 152
were asked to codify all foods and beverages present in the national food consumption database 153
according to the preliminary FoodEx classification system developed by EFSA. Recommendations 154 were given to the data providers on how to disaggregate composite dishes to the most detailed level 155 possible. Each list of foods and beverages was checked in order to evaluate the correctness of the 156
FoodEx codes assigned by the data providers. In the case of inconsistencies, a different matrix code 157 was proposed and data providers were asked whether they agreed or, if not, to give a justification for 158 keeping the original FoodEx code used. All food items reported within the EXPOCHI project have 159 also been reclassified according to the draft FoodEx system. The use of FoodEx as a harmonised 160
classification system for the Comprehensive Database is discussed in EFSA's scientific report 161
"Evaluation of the FoodEx, the food classification system applied to the development of the EFSA 162
Comprehensive European Food Consumption Database" (EFSA, 2010a). Methodological differences 163 between the national dietary surveys related to the level of detail requested concerning the description 164 of food and beverages and consequently to their classification have been identified. However, findings 165 reported in the above mentioned document demonstrate that all data providers were able to classify the 166 large majority of their food items to at least the 2 nd level of the FoodEx, including around 160 167 categories. The 3 rd and 4 th level could also be used, but their completeness was shown to vary 168 according to the country and food group. 169
In November 2009, EFSA created an ad hoc external Working Group on "Development of a Food 170
Classification and Description System for exposure assessment" and in June 2010 EFSA organised the 171 Scientific Colloquium on "Food Classification: Unambiguous ambiguity -the challenge of describing 172
food" in Parma to support the establishment of a uniform food classification and description system. 173
The above mentioned WG is currently developing a refined version of the preliminary FoodEx food 174 classification and description system with the aim of serving a broad range of needs in EFSA. The new 175 system should address the needs of most Units in EFSA and be accepted by EFSA's Member State 176 networks on data collection regarding food consumption, occurrence of chemical contaminants and 177 residues as well as microbiological hazards. The WG is expected to finalise the above mentioned work 178 by the end of 2011. 179
It is important to highlight that, for some of the dietary surveys included in the Comprehensive 180
Database (Table 1) , the amount consumed for processed foods is reported as cooked whereas in other 181 surveys yield factors were used to transform the consumption figures to raw foods/ingredients. This 182 difference is particularly important because, when the amount of cooked foods is reported, 183 consumption levels are likely to be overestimated for certain foods such as pasta or rice (the cooked 184 weight of one portion is greater than its raw weight) whereas underestimation may result for other 185 foods such as meat or fish (their weight decrease when cooked due to moisture loss). For example, the 186 weight of cooked pasta or rice is 2-3 times higher compared to the corresponding uncooked product. 187
Furthermore, the breakdown of composite foods in the vast majority of the surveys resulted in more 188 accurate intakes of the different components of composite dishes. When recipes are reported under 189 composite foods and not disaggregated into ingredients, an underestimation of the foods regularly used 190 as ingredients in respective recipes, e.g. cheese, tomato, etc., can be expected in these survey data. The 191 breakdown of certain cereal products (e.g. bread, porridges and fine bakery ware) into their basic 192 ingredients, like flour or other milling products and other basic ingredients may result in a shift in 193 apparent consumption of cereal products to basic milling products. In some countries for instance 194 consumption of bread and fine bakery ware may be very low or not seen at all, whereas consumption 195 of basic milling products may be higher than in other countries. This problem has been more 196 extensively presented and discussed in the EFSA's scientific report evaluating the FoodEx system 197 (EFSA, 2010a). The EXPOCHI protocol concerning the classification of foods is described by De 198 Neve et al. (2010) . 199
Data validation and storage 200
In order to control the correctness of the data transmission phase, data providers were asked to check 201 preliminary summary statistics produced using the SAS programme. Few clear outliers concerning the 202 amount of consumption (e.g. 10 kg of white cabbage consumed by a subject in one eating occasion) 203
were identified and corrected at a later stage. The data collected and validated were stored in a SAS 204 database. 205
Overview of the dietary surveys included in the Comprehensive Database 206
The main information concerning the methodologies used in each of the 32 dietary surveys included in 207
the Comprehensive Database is presented in survey. All information contained in the reports was checked for completeness and consistency. When 218 necessary, clarifications were requested to the data providers. Where applicable, information reported 219 was verified against the related food consumption data provided to EFSA. An overview of the above 220 mentioned information is presented below. 221
Sample representativeness is a crucial aspect for the evaluation of the food consumption data gathered 222 in the Comprehensive Database. Significant biases can arise from a survey sample that does not 223 represent the population at national level. The sampling strategy and response rate are shown in Table  224 2. In 16 surveys the study population was sampled at individual level whereas in the remaining 6 225 surveys, it was sampled at household level. The use of the household as a sampling unit seems to be a 226 convenient choice since an interviewer could collect information from more subjects during the same 227 visit. However, food consumption estimates are likely to be mutually dependent when subjects from 228 the same household are interviewed, thus leading to a reduced variability in terms of dietary pattern 229 observed. Sample units were selected randomly in all surveys but different sampling frames were 230 used. The national population register was the most used sampling frame (in 8 surveys). In Spain, the 231 use of universities, health centres and pharmacies to randomly recruit subjects is likely to constitute a 232 potential source of bias. In Slovakia, the study population cannot be considered representative of the 233 general population since subjects were only selected among employees of confectionary and bakery 234
manufactures. All surveys considered were stratified for gender and age groups with the exception of 235
Austria. The response rate considerably varied, from 27% (Hungary) to 96 % (Slovakia and Poland). 236
Information on the diet of pregnant and breastfeeding women are available only from nine different 237 surveys (Table 3 ). In seven surveys pregnant and breastfeeding women were excluded. Information on 238 specific study subjects' long term dietary pattern (e.g. vegetarian, health related or slimming) had been 239 collected in half of the surveys (Table 3) . Dietary estimates of these important subgroups should be 240 treated cautiously since their number is, despite few exceptions, overall rather low. 241
Another important aspect of food consumption data is their representativeness over the different 242 weekdays and seasons. The weekday and seasonal representativeness of the surveys are shown in 243 
Summary statistics from the Comprehensive Database 7
An agreement between EFSA and the national data providers clearly defines the conditions of use. 8
EFSA has the right to use the raw, individual food consumption data for carrying out risk assessments 9 and other scientific analyses within the activities related to EFSA's mandate and a formal 10 authorisation from the data provider must be requested for any other use of the data. Consequently, 11
individual food consumption data are stored by EFSA. Only summary statistics from the 12
Comprehensive Database are made available to the public on the EFSA website. 13
For each country, food consumption data are presented on the EFSA website according to the 1 st 14 (including 20 categories) and 2 nd (including around 160 categories) level of the preliminary FoodEx 15 system (EFSA, 2010a), per age class, for the total population and for consumers only. Food 16 consumption data at the 3 rd and 4 th level have not been published because, as outlined in the previous 17 section related to food classification, information are not homogeneously available across countries at 18 this stage. 19
The following age classes have been considered: 20 1.
Infants: up to and including 11 months 21 2.
Toddlers: from 12 up to and including 35 months of age 22
3.
Other children: from 36 months up to and including 9 years of age 23
4.
Adolescents: from 10 up to and including 17 years of age 24 5.
Adults: from 18 up to and including 64 years of age 25 6.
Elderly: from 65 up to and including 74 years of age 26 7.
Very elderly: from 75 years of age and older 27
Individual age was, for some of the dietary surveys, reported in integer years (e.g. without the fraction) 28 creating difficulties in assigning an age class to those subjects having, as a rounded figure, exactly the 29 age of the thresholds (1, 3, 10, 18, 65 and 75 years old). The strict application of the above mentioned 30 rule for age classes would have created groups with very few subjects. For practical reasons, taking 31 into account the sampling design of the national dietary survey, subjects on the thresholds were moved 32 to the lower or upper class. For example, in the Irish dietary survey for adults, six subjects aged 33 exactly 65 years should have been included in the "Elderly" class but, since they should have been the 34 only subjects in this class in the survey and considering that the age range in the sampling design is 18 35 -64 years, they have been classified in the Comprehensive database as "Adults". 36
The Comprehensive Database resulted to contain food consumption data from: 2 surveys (in 2 MSs) 37
for infants, recorded their consumption by means of a 7 day food record, the average intake of each individual 51 over the 7 days was calculated. The average value for each subject was then considered only once 52 when calculating the "chronic" average consumption and other statistics related to chronic 53 consumption at population level. On the other hand, "acute" consumption figures were calculated 54 using each reporting day independently, and in summing eating occasions for a considered food. All 55 days from each subject (7 days in the above reported example) were used to calculate the "acute" 56 average consumption and the other statistics related to acute consumption at population level. 57
Dietary surveys with only one day per subject were excluded when calculating chronic consumption 58 statistics, since they are considered not adequate to assess chronic exposure because the number of 59 assessment days of a survey affects the distribution of consumption, particularly at the upper tails 60 (EFSA, 2006) . In particular, as survey duration increases, also the observed percentage of subjects 61
reporting non zero consumption for commonly and rarely eaten foods becomes larger (Nusser et al., 62 1995) , whereas the observed mean and high percentiles consumption, in consumers only, decreases, as 63 also illustrated by Lambe et al. (2000) . 64
Reliability of high percentiles 65
The definition of high-level consumers is crucial to the outcome of the risk assessment because, in 66 practice, it determines the proportion of the population that would have to exceed a health based limit 67 value before action is considered necessary to reduce dietary exposure. High percentiles (95 th , 97.5 th , 68 99 th and even 99.9 th ) are often used to identify high-level consumers. The selection of percentile could 69 be based on scientific criteria (statistical difficulties could prevent the measurement of high 70 percentiles) but also social and ethical criteria have been used. For this reason a variety of high 71 percentiles are provided in the summary statistics calculated from the Comprehensive Database, to 72 inform risk managers in the most appropriate way in regard to particular food safety situations. 73
However, the reliability of high percentiles is related to the number of subjects used to calculate them. 74
Percentiles calculated on a limited number of subjects should be treated with caution as the results 75 may not be statistically robust. 76 A clear indication concerning the minimum number of observations necessary to estimate a given 77 percentile cannot be found in the literature. Different options can be used, none of them being a widely 78 accepted standard. A very simple option is to require that the calculated percentile must at least be 79 different from the maximum value within the sample. This means that at least 20 observations are 80 needed to identify the single observation at the 95 th percentile and 100 observations are needed for the 81 99 th percentile. 82
According to Kroes et al. (2002) , a high percentile P can be assessed with sufficient precision if the 83 sample size n satisfies the rule n (1-P) ≥ 8. The minimum sample sizes for the 95 th , 97.5 th and 99 th can 84 be therefore estimated equal to 160, 320 and 800 respectively. However, the rationale behind this rule 85 is not presented in the above mentioned paper. Here, a non-parametric method is proposed to set 86 guidelines to determine the minimum number of samples for which (extreme) percentiles can be 87
computed. This method does not assume any given distribution for the data, e.g. log-normal 88 distribution, and was implemented in the SAS Enterprise Guide 4.2 software. The proposed method, 89 based on a model aimed at calculating confidence intervals for percentiles (Conover, 1971) , calculates 90 also the coverage probability of each non-parametric confidence interval, as described in the SAS 91 manual 5 . In statistics, the coverage probability of a confidence interval is the probability that the 92 5 interval contains the true value of interest (e.g. 95 th or 99 th percentiles). When the number of 93 observations is not large enough, the coverage probability may not attain the nominal value, and drops 94 below, for example, 95%. This is more likely to occur at high percentiles, e.g. 95 th or 99 th . Therefore, 95
the coverage probability has been used to set guidelines to determine the minimum number of samples 96 for which (extreme) percentiles can be computed. In the case of significance level (α) being set at 0.05 97 to determine a 95% confidence interval, the coverage probability should target 95%. In this case this is 98 achieved for n ≥ 59 and n ≥ 298 for the 95 th or 99 th percentiles, respectively. 99
It is important to notice that the options presented and discussed above aim at identifying the 100 minimum number of observations necessary to estimate a given percentile and that nothing can be said 101 about the precision of these estimates. In any case, as also highlighted in a guidance of EFSA (2006) 102 related to uncertainties in dietary exposure assessment, a limited sample size can be an important 103
source of uncertainty which should be assessed qualitatively or quantitatively. 104
The summary statistics published on the EFSA website include all percentiles, even if calculated on a 105 very limited number of subjects/days. However percentiles calculated over a number of subjects/days 106 lower than 60 (for the 95 th percentile) and lower than 300 (for the 99 th percentile) have been flagged 107 with a warning in the comment field, indicating the need for a cautious interpretation of the results 108 which may not be statistically robust. 109
Use of the summary statistics from the Comprehensive Database 110
Summary statistics from the Comprehensive Database can be used as a screening tool to assess 111 chronic and acute exposure to hazardous substances. They can be used to identify substances that 112 might be of concern and to prioritise the use of resources for safety assessments. As in the case of the 113
Concise Database, the use of the summary statistics from the Comprehensive Database is therefore 114
intended to produce conservative estimates of exposure (EFSA, 2008b). If the database is used for 115 screening assessments, an analysis of uncertainty is usually not required, provided that appropriate 116 conservative assumptions take account of the uncertainties (EFSA, 2006) . However, risk assessors are 117 responsible for ensuring that the use of the database is conservative for the specific case. If data from 118
the Comprehensive Database are used for a more precise exposure assessment, the degree of 119
uncertainty of the adopted model should be evaluated and discussed. 120
Due to the methodological differences in the collection of the food consumption data mentioned 121 above, dietary data collected within different dietary surveys cannot be merged together with the aim 122 to assess the exposure at European level. In line with the EFSA opinion on exposure assessments 123 (EFSA, 2005) and with the opinion of WHO (2009), it is proposed to assess the exposure at the 124 country level. Food consumption data are therefore required for each EU country and, in order to be 125 protective of public health for the whole of Europe, multi-national calculations should provide 126 exposure estimates that are equal to or greater than the highest exposure observed at national level. If 127 the estimated multi-national dietary exposure to a chemical does not exceed its respective health-based 128 guidance value then the level of exposure should be acceptable at national level, because the level of 129 overestimation for international dietary exposure assessments for any region would tend to be greater 130 than that for national estimates (WHO, 2009). This applies to both acute and chronic exposure 131 assessments. In the case where nutrient deficiency is addressed, the multi-national intake estimate, 132 compared with the recommended nutritional reference value, should be lower than the lowest intake 133 observed at national level. 134
Potential exposure for mean and high level consumers can be calculated for each food category, 135 through combination of mean and high concentration values with mean and high consumption values 136 from the Comprehensive Database, respectively. Although the intuitive approach to estimate the 137 http://support.sas.com/documentation/cdl/en/procstat/63104/HTML/default/viewer.htm#/documentation/cdl/en/procstat/63 104/HTML/default/procstat_univariate_sect028.htm. exposure from all food categories is to add up the high level of consumption for each separate 138 category, this results in a gross over-estimate since it assumes that high-level consumers of one food 139 are also high level consumers of all the other foods. However, it is very unlikely that individuals are 140 high-level consumers of more than one food category when a limited number of food categories is 141 used. One approach proposed by the United Kingdom (European Commission, 1998) and also 142 presented in the EFSA Guideline concerning the use of the Concise Database (EFSA, 2008), which 143
has been found to work reasonably well, is to estimate the total exposure from all food sources by 144
assuming that an individual might be a high level consumer of two food categories and would be an 145 average consumer of the remaining other groups. In practice, this method consists in summing the 95 th 146 percentile of exposure of the two most contributing food categories (calculated for consumers only) 147
with the mean exposure for the remaining categories (calculated for the total population). This 148 approach has been tested using UK data for a range of pesticides and radionuclides (Pesticides Safety 149
Directorate, 2004) and has been shown to give a reasonable approximation of the 97.5 th percentile of 150 exposure to the results obtained using the full computerised method. 151
It is important to note, however, that this method is only valid when using a small number of food 152 categories. Table 6 only presents the results of this analysis according to the different age classes but with all 171 surveys merged together. In the case of adolescents, for example, 8% of the subjects were never found 172
to be high consumers of any of the Level 2 FoodEx food categories whereas the cumulative percentage 173 of subjects resulting to be high consumers of maximum one Level 2 FoodEx food category is 23%. 174
This means that 15% of the adolescents (23% -8% = 15%) resulted to be high consumers for only one 175
FoodEx food category. On average, 95% of the subjects included in the Comprehensive Database were 176 found to be high consumers of a maximum of 8 Level 2 FoodEx food categories. A small percentage 177 of subjects (6 -9%, excluding infants) were never found to be high consumers of any of the Level 2 178
FoodEx food categories. Hence, when estimating the total exposure from all Level 2 FoodEx food 179 categories, a conservative assumption is that an individual can be a high level consumer of up to 8 180 categories. According to the analysis above, this assumption is valid for at least 95% of the population. 181
An important assumption of this method is that the consumption of each food category is independent 182 from the others. However, significant correlations between some food categories are known to exist. 183
An example is the correlation between vegetables and added fats identified in a sample of Italian 184 teenagers (Leclercq and Arcella, 2001) . 185 Currently, the EFSA Comprehensive Database is the best source of food consumption information 201 providing data on a EU wide basis and will be very useful in the risk assessment work conducted by 202
EFSA. However, it comprises data derived using different methodologies and therefore its use for 203 direct country-to-country comparisons is not advisable. The collection of accurate, harmonised and 204 detailed food consumption data at European level is therefore a primary long term objective for EFSA 205 and has been recognised as a top priority for collaboration with the EU Member States. 206
In 2008, the Expert Group on Food Consumption Data (EGFCD) drafted the Guidance of EFSA on 207 "Methods and protocols for the collection of national food consumption data in view of a Pan-208
European dietary survey" (EFSA, 2009). The main objective of the EFSA Guidance is to suggest 209 methods and protocols for the collection of dietary information at national level in the framework of a 210 pan-European data collection that can be used, as described above, to perform risk assessment for all 211 possible biological agents and chemical substances considered by EFSA's Scientific Panels. Although 212 methods and protocols described in this Guidance document can be voluntarily applied to individual 213 national dietary surveys, they should be used in order to achieve harmonisation within a pan-European 214 dietary survey. 215
The project for the collection of food consumption data at a pan-European level is currently under 216 development and is the progression of the previously EU-funded initiatives putting into practice this 217
concerted European effort. The objective is to carry out the first pan-European food consumption 218 survey in the EU, called "What's on the Menu in Europe? (EU MENU)". The added value of this data 219 collection is the use of a harmonised methodology providing comparable and detailed enough 220 information suitable for risk assessment purposes representing all countries and regions in the EU. The 221 collection of food consumption data is planned to be carried out as a rolling program from 2013, with 222 a preparatory phase in 2010-2012. The survey should preferably be repeated in each country about 223 every ten years. With active promotion activities, special attention will be paid to ensure a high 224 participation rate in all countries to support the collection of representative data. 225
CONCLUSIONS AND RECOMMENDATIONS

226
The EFSA Comprehensive Database is a unique tool and will greatly improve the accuracy of EFSA's 227 exposure assessment calculations. The use of food consumption data from the Comprehensive 228
Database at the individual level is restricted to EFSA but summary statistics are made available to the 229 public on the EFSA website. However, the use of summary statistics from the Comprehensive 230
Database is intended to produce conservative estimates of exposure. In addition, the interpretation of 231 the summary statistics, and in particular of high and low percentiles, should be cautious since these 232 may have been calculated on a very limited number of subjects/days and consequently not be 233 statistically robust. 234
In any case, it is important that all users keep the methodological differences in the collection of the 235 food consumption data included in the Comprehensive Database in mind and, in particular, avoid the 236 use of these data for direct country-to-country comparisons. 
